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DEVELOPi^EHi OF TAILLESS AND ALL-^TTING GLIDERS AND' AIRPLANES* 
By RolDert W, E* Lademann * 

Tailless airplanes are c'Aaract erized ty having' all 
their control Surfaces, espedially the elevator, incorpo- 
rated in the wings. If a wing, with the center of gra^y- 
ity of the whole airplane correctly located, is suffi- ' 
ciently stahle in all directions, i.e., if the airplane, ' 
for any analytically infinitely small oscillation, is * 
automatically and aperiodically damped and returns to its 
normal position, it is said to have inherent stability^ 

The longitudinal stability of inherently stable wings 
rests on the fact that the wing tips, due to. an aerody- 
namic sweephack, generate a moment which tends to return 
the airplane to its normal position. The static direc- 
tional stability is obtained by an always-present dihe- 
dral angle due to the taper of the wings and by wing-tip 
ailerons. The lateral stability is a function, of the di- 
hedral and sweepback and . al so . of the wing contour.. * 

Inherent stability is hot absolutely .restricted to 
wing sections or profiles with a fi?:ed center of pressure',; 
but in many tailless airplanes the shifting of the c.p. 
is utilized for increasing the restoring moment about the 
lateral axis, as, for example, in Lippisch^s "Model 4" 
(1926) with Dunne plan form and . Joukowsky profiles. On 
the other hand, the use of prof iles* with a fixed c.p, fa- 
cilitates constructive development, as well as the compu- 
tations. An inherently stable wing, . according to R. v. 
Mise's, may also be a normal rectangular wing with fixed 
c.p. and with e.g. located far enough back, which is. re- 
placeable, however, by a sufficiently large dihedral 
angle. ' * 

Most tailless and. inherently stable airplanes have 
highly cambered profiles producing the greatest lift in 
the middle portion of the wing span and, at the wing- tips, 
slightly .cambered, and symmetrical profiles with negative 



* "Schwanzlose und Nurflugler." Die Luftwacht, February, 
1932, pp. 62-69. 
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angle of .attack. This arrangement also affords the great- 
est protection against spins. Nevertheless, there are 
other possihle stable systems, Oeg.i a straight wing hav- 
ing profiles with a fixed c,p« and dihedral angle, that 
is, with Ccg* located fdr "aft , in which case the wing tips 
ajso produce lift. The latter have a negative sweephacrk 
and may also have a negative dihedral, because a negative 
sweephack requires a more complete lift distribution. 
Thi s* principle was well exemplified by Colonel Duchesne* s 
models in 1911,* which were -also tested by Lippisch in 
1926 in the *im]^roved forms corresponding to the aerody- 
namic development. The induced drag of these types in- 
creases, especially at large angles of attack, this be- 
ing a result Of the more complete lift distribution. 
Such wings are yery sensitive to misplacements of the e.g. 
and also with respect to directional sta,bility,* 

Nature provides us with examples of all-wing aircraft 
in the winged seeds* of the maple and of the "Zanonia 
Hakrokarpa" (investigated by Ahlborn) , etc^, which served 
as prototypes of inherently stable models for pioneers 
like Pline (187.0), Igo Etrich. (1390) , Caslant and Jos^ 
Weiss (1900)"; • 

The British painter and aviator Jos^ Weiss studied 
bird flight from 1900 to 1916 at Cornwall on the Atlantic 
coast and thus arrived at the tailles.S'type of airplane. 
As a result of his tests, he developed the important Weiss 
law of enlargement, which substitutes a wing loading of 
(j^jii-as f^j. a^n^i indicates a great weakening of the 

Lanchester principle. He accordingly developed tailless 
models with a thin profile, which had a pronounced posi- 
tive camber in the central portion and a negative camber 
at the wing tips. These models had a high wing loading, 
A man-carrying glider, built on these important princi- 
ples, was also tried out in the Aumberley Mountains (1908- 
1915). The models soared to a height of 500 m (1640 ft.) 



*This fact is utilized by soaring sea birds in strong 
gusts by a similar position of the wings, since they are' 
dependent on the utilization of the aerodynamic impulses. 
Compare also the recent investigations of Professor 
Moltschtenof in "Struktur und Impulsmeiige der Boen#" 



0 



N.AJC'.A, Toclmical Meniorandiira. lid. 555 



3 



and a distance of 9,7 km (5 miles).* Tliere was; "built,, 
moreover, a Weiss two-engine taille ss monoplane, v/hicli 
profoundly .influenced the Hand! ey' Page airplanes, • 

-In 1905 Weiss met Igo Etric-il at tlio international! 
model contest in. Pari s , where- it was found that "both ha.d 
arrived independently at the same f orrns, • • Etri ch had de-* 
veloped the. "Tauhe" .through transition, from, flora to fauna 
which, - however , due' to eixtern^al' conditions did not re- 
ceive .the merited atte'ntioh, ' ' (Since 1928 Strich has con- 
tinued, hi S; stu|iies in another direction.) 

^ . The use ..of elastic parts is common to all these wings 
. whether derived .from flora or. fauna. They are therefore 
suited only for '.relatively* slow flight. Even now this 
.question is entirely open. Energetic advocates of the 
.partially elastic type are Etrich (at least, iintil very, re- 
cently) Crocco, a,nd also Kirchner with his glider "La 
Prixyo" and the new "La Pfuvo" model (1931-2), 

.. .Since linear outlines and rigid surfaces were re- 
quired for technical and economical reasons, the forms 
borrowed from nature were conventionalized. This was 
first : Accomplished "by Captain Dunne. Sources of weakness 
in his airplanes were the thin, almost uniform profiles,, 
unfavorable at low speeds, and the pronounced lift reduc- 
tion, at the conically warped wing tips.:; Here "belongs also 
the "braced Iqw-wing monoplane " Simplex,"-: .of Hen6 Arnoux 
(1911) with its pusher propeller a.nd -rectangular, fuselage. 
The wing had, a low fineness ratio and a. symmetrical pro- 
file., .fl.at. on the "bottom and curved on. the top, with an 
. S twist. The requisite longitudinal "balance was o"bta.ined 
"by giving the trailing edge, which constituted ahdut a 
third. of the uniform wing chord, a negative angle of at- 
tack, .where"by the altitude control was to "be insured by 
regulation. of the propeller thrust, ' In- 1910-11 Berner 
also tried out an inherently stable and decidedly . conical 



*Th'e Weiss enlargement law of mechanical creations is ox- 
plained in a treatise ".xTotes.on Giant Aeroplanes" written 
with the collaboration of Alexander Eeith. It contains 
the experimental and enlargement laws up to very large 
all-wing airpla,nes. The life work of Josd Weiss has been 
very charmingly described by hi s. son Bernhard Jose Weiss 
in "Gliding and. Soaring fflight,." 
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model wingo* . ;■ • , . • 

In 1911-1913 Eobert Malle.t tested a large number of 
inherently stable wings witii positive and negative dihe- 
dra-l . and sweepback, which, • according to Duchesne, exhibit 
stability for a given form, magnitude and location of the 
inertia ellipsoid.. Similar airplanes with wing tips. ex- 
tended, forward were also designed by Lippisch in 1926 and 
by* "Sr. .Alfred King in' 1928, Mallet?s best models had a . 
'pr.qiiounced sweepback and dihedral, tapered., wings with 
curved, trailing edge and. well-rounded tips. Mall €3 1 -also ■ 
investigated wings, which, according to Dunne * s prototype , 
.co.uLd bq developed into, a. right circular .cp^e., as well as 
wings , with divided ti;ps like, the . "Aasgeier"., .(fig. l) 
which "were recently tested a'gain • at Rossitten.- ;;Mallet| s 
inherently stable wings were, surfaces with potential, 
curves, because they represented the dt^velopable-. surf aces 
of cylinders and cones.. ..The models of over. 2 m span flew 
freely, even when :capti-ve, in a wind of 20 m/ s (63 ft./, 
sec). The largest model, with a span of 4o5 m (14,76 
ft.), had tapered wings- with rounded tips and a uniform 
decrease in the angle of attack /prith mostly thin profiles. 
Most' of. the models,- weighing 15 to. 20 kg (33 to 44 lb,) , 
flew at a velocity of about 12.5 m/s (41 ft. /sec). The 
Mallet.- type , even with thin .prof iles, .has good stability. 

According to Mallet, the directional stability of 
flattened M ; -wings . (as subsequently - in Wenk^ s model) de-r 
pends on the . ratio, of the .half-span .to the height of the 
wing, i . e « , directional inst.abil i ty , i s produced by a pro- 
nounced dihedral of the inner or ceiitral portion of the 
wing. The "best .arrangement is for the wing rcots and 
tips to .be horizo-ntal. An inherently stable wing, with 
a forward swe.ep. and variable angle of attack, has poor 
lateral stability, low speed and a small L/D. ratio,, but 
better lift distribution, 'The . stability can be increased, 
especially for .wings with fo.rv/ard sweep, by dividing the • 
tips into several parts. G-ood aileron efficiency with 
long iQver arms is thus obtained withd-ut affecting the 
inherent stability of the v/ing as a whole, Hallet^s mod- 
els flew without* keel' or rudder. The model wings were 



♦Compare also the Briti sh patent s of the Blaire Atholl. 
Company according.. to Dunne, as r e^ards. .'the development of 
a rectangular "wing into a -right- circular cone, and the ex- 
periments of G, Siffel in "La Edrsistance de i'Air et 1»A- 
viation, " 
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so designed, with forvrard sweep, that their roots met at 
the rear in the plane of symmetry, and the air flowed un- 
der the wings toward the plane of symmetry (1914 Eiffel 
laDoratory tests) « Such models, however, flew very , slow- 
ly, due to the more perfect circulation distribution* 

For historical completeness, the tailless gliders of 
the painter Soldenhoff are here mentioned, some of which, 
of the Ebrich and Weiss types, also had inherently stable 
wings with very short tails (1913) c 

The experiments of the students Adaridi, Wischnef 
and Scherschewski on the Gulf of Finland, with models. of 
20 cm to 3 ra (7e87 to 118 inc) spi?.n, were psrformed more 
systematically (1911-1916), Testtn were made with tailless 
and "Ente" airplanes having inherently stable main wings 
of the WeisSj Etrich and Bunne types with Jcukowsky or 
Eiffel profiles^ ?rom these there vraa derived a semi- 
elastic v/ing with gradual transition to the fuselagec* 
The investigation demonstrated the extraordinary stabili- 
ty of an inherently stable wing with elastic tips« Here 
also directional instability and a tendency to turn into 
the wind are prodticed by an e-is c e ssive positive dihedral. 

The tailless types gradually receded, because the 
development ox more efficient aircraft engines enabled the 
flight of ayvodynaraically less perfect airplanes. The de- 
sired rapid improvement in flight- performances was pref- 
erably obtained by increasing the efficiency of the en- 
gineso Only a few investigators, like Etrich, Offermann 
and Weiss still occupied themselves with tailless air- 
planes. Hot until 1920 was the woz-k of the pioneers re- 
sumed at different points, since the post-war time re- 
quired economical airplaneSo The science of modern aero- 
dynamics has provided the requisite knowledge for con- 
struction and the preliminary assumptions for stability 
calculations, for profiles with fixed c.p* yielding the 
maximum lift, and lastly for artificially increasing the 
circulation by means of slotted wingS; by removing the 
boundary layer by pressure or caution.; and by forward 
control surfaces with or without slot tod wings and their 
combinationso 

In England in 1920-21 the inherently stable wing 
"Alula" was developed with a measured l/d ratio of 21 • 



*A similar type was patented by Georg Wojewetzkx in Eng- 
land in 1924 and tested in the wind tunnel of the National 
Physics Laboratory. 
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Tlie leading edge .ha-d a negative. dihed:Pal , while the trail- 
ing edge-had no dihedrals The whole wing was "bent upward 
at the tips, like the. Z.anonia,- these tips providing the 
necessary longitudinal oalance... A large .airplane was de- 
signed, and then -a pursuit p.l^ne was huilt with Alula 
wings, which proved to have very poor controllahili ty . In 
1921 the racing plane "Simplex" was. "built on similar lines 
as a medial-wing monoplane with a short fuselage terminat- 
ing at the rear in a vertical edge (keel effect). The 
tractor propeller was driven -by a. 300 hp engine. Unfor- 
tunately this racer was considered too dangerous to "be 
f Ipwn, 

■ In Germany the first tailless airplane-, the "S^eld- 
■t'erg ," -de signed hy Dr. Wexik (Wei tensegler-^Flugzeugwerke) 
wi'th H wing and- negative angle . of ...setting of,th.e"wing 
tips, was tested at.^Sylt. .The very nt-avrow rectangular 
wing- had a thin se.ction with a stifferjer running its whole 
length on the under - side. The short fuselage was.s.tream- 
linedo Because of its inherent yzeakness, it was destroyed 
in 1921 » The thick .cantilever high-wing monoplane "Baden- 
Baden-Stolz "■ was "built in 19.22, Its wing also- had the 
characteristic* M'- shape, the central portions having a 
positive dihodral and the outer portions a decided taper. 
Unfortunately,- this promising type was not developed fur- 
ther. Hecenc-ly'v iTolf Hirth and Wenk have been working on 
*3a similar type',- 

A, Lippisch, I. Tscheranowski and Captain Hill first, 
and almost simultaneously applied the results of the more 
recent -theory of flow. Lippisch first built a monoplane 
developed from the Dunne wing- with a pronounced sweepback 
into, the triangular tapered wing- of hi s late st semi-all- 
wing "I'lying Triangle" having a di s symiaetrical , maximum- 
lift profile with a fixed center of pressure, as worked 
out by him in the R.EtGr, . (Shbn-Rossitten-G-esellschaf t) 

In 192'9-30 Captain Latimer Noedham in England built 
a td^iiless, two-en-f^ine sport monoplane • the ."Hal ton . He to- 
or," provided with forward contiol surfaces, for rapidly 
increasing the leveling-off .longitudinal moment, Lippisch 



*Rhon models (1920) in collaboration with Espenlaub, Also 
par.tially, by derivation from the works of Hax Hunk for the 
ITaitional* Advi sory Committee for Aeronautics. The Hunk pro- 
files have been known since 1925, but were first published 
by Lippisch i.n. 1929. . They play an important role, in the 
construct ion of- the •E.R.G. tailless gliders. 
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is likewise working out ia system- of forward control sur- 
faces "based on the Handley Page slotted wing. These 'Sur-» 
faces might also take the form of auxiliary surfaces over 
the leading edge of the wing# The introduction of the 
forward control surfaces from subma^rine construction 
constitutes an important innovation, especially for high- 
speed airplanes, • The forward control surfaces are nec- 
essarily similar to the Handley Page system of controls 
with the trailing edge in the form- of an elevator, in 
oi'der to afford an important local increase of the lift 
coefficient in the middle of -the wing, since the a,ir 
flow -begins 'to separate at the middle of most inherent- 
ly stable, wings, A further help is the use of wing, pro- 
files" with" artificial lift increase. Thus far no exper- 
iments have been tried with removal of the boundary lay- 
er by pressure or suction in the middle of an inherently 
stable wing, but probably will be soon. 

In 1922 B. Tscheranowski tried . a glider with a wing 
having the shape of a parabolic segment , in which the 
aerodynamic sweepback with corresponding profile devel- 
opment could exercise a good stabilizing effect , This 
all-wing glider- exhibited excellent longitudinal stabil- 
ity in its trial flif^hts but, unfortunately, developed 
GL considerable diving moment due to the faulty profile. 
The experiments also demonstrated the possibility of di- 
rectional control without a regular rudder.* In 1930 the 
first powered all-wing airplane, the "Parabola Bitsch 
VII," appeared with a tractor propeller and a 100 hp 
Bristol engine. The very thin profiles of this airplane 
are composed of sections of logarithmic spirals by a sim- 
ple graphic method. The trailing edge of the wing con- 
sists of flaps with slot effect for altitude and lateral 
control. 

In 1920-23 the tailless "Charlotte" I and II of the 
Berlin Polytechnic Institute appeared. These gliders may 
be regarded as improved "Zanonias," Professor Zoff, Par- 
seval, Tank and Winter participated in their design. The 
rectangular fuselage of the Charlotte was short and point- 
ed in front with a pronounced keel, while the wings had" 
very thin profiles and were braced by two V strtits. Good 
directional control is. obtained by the one-sided opera- 
tion -of both pairs of- ailerons. The stability conditions 



♦The various models and full-sized airplanes had a trian- 
gulated lattice structure, which was largely ind.etermlr 
na.te# 
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^vere determined by Professor Parseval In numerous model 
testsa Both* types exhibited good flight. characteristics, 
"but, unfortunately, were not further developed. 

The Swiss, Soldenhoff , after an unsuccessful ezperi-* 

ment ^ith a "compound wing,"* built several charact.eri s-- 
tic all-wing airplanes having a very pronounced sweepback 
(33°) and rectangular or tapered wings' with a dihedral of 
onlj 6:^5'^ "and a" pusher propeller o The wing profiles were 
cambered in the middle, symmetrical in the center of e-ach 
semi span and either' symmetrical or- with camber reversed 
at the wing tipso Fitted with only one pair of ailerons, 
the first Soldenhoff tailless airplanes had no rudder. 
End plates were' usod 'only once ' (a^.d thsit wrongly) over the 
middle, of ' ea.ch .ha].f -wi:ng. Soldenhoff i s fundamentally op- 
posed to" end plates, because the conf^ :-.:,uent ' slight ^dimi- 
nution in the induced: drag can be off sot by a very slight 
increase in span© Experiments with lai^'^e models show that 
turns, can be made very well by means of ailerons alone 
without the aid of wing-tip rudders. 

The ■ "Luftfracht " • company had Langgut de sign an . all- 
wing airplane- of 50 m' (lS4*f"t*') span, with three 430 hp 
Liberty engines. Peculiar features of this airplane are 
the us.*^ of two pairs of balanced rudders and the distri- 
bution of the weight along the span so as to correspond 
as closely a-^ possible to the di a tribution of the lift, 
thus reducing to' a minimum the bending moment S 'pf the • 
spars, Langgut and Lippisch apparently followed, vei-y much 
the. same lino .of reasoning© 

• ' ' ' ' . 

Haydn also built a tailless glider on the -plan of the 
Zanonia and the Josd WeisSc^ His interesting productions 
were not continued after 1926, 

in. 1928-29 Dr. Alfred King developed a tailless type 
with a forward sweep. According to the 1930 patent, this 
type- was easy to maneuver, as demonstrated by tests. 

We have shown how practice and theory adequately cov-- 
er the static directional and lateral stability.- An in- 
vestigation, of the dynamic stability of tailless airplanes 



* Soldenhoff ^ s "compound win^* was intended to utilize the 
gyroscopic effect of the air vortices, ' produced by steps 
on- the pressure side of the' wing, for maintaining- the sta- 
bility. . '* 
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by Routh is not yet completed, but is very important on 
account of the wholly different form and magnitude of the 
combined action of the aerodynamic forces a,nd moments, as 
well as the different form of the inertia ellipsoid. The= 
possibility of wing forms with neutral and with positive • 
.longitudinal stability has been demonstrated. Heutral • • 
stability, however, can be of importance only for pursuit 
planes. With the correct weight distribution (according to 
Juchs. and corresponding, under certain conditions, to tlie* 
lift distribution) along the wing and the construction of 
the wing tips with symmetrical or even lattice profiles, 
protection against spins is fully insured.* The presence of 
lattice, prof iles may correspond, though not necessarily, 
to,, the requirements of inherent stability in the selec- 
tion of the pr'ofile, though this is still an open question. 

According to the method of Schirmanof's Russian ex- 
periments, Lippisch also shows that backswept wings like 
the "Storch" and tapering wings with a straight trailing 
edge may possess good directione-1 stability. Even a 
straight cylindrical wing and, still more, a tapering wing 
may have great directional stability, which increases, be- 
low the separation point, with the angle of attack. Posi- 
tive and especially negative dihedral angles, in simple 
cylindrical and tapering wings, suffer a considerable re- 
duction in the directi onal ' stability .** In the separa- 
tion phenomenon, which begins in the middle of inherently 
stable wings, the longitudinal stability, especially with 
the use of floating ailerons, is theoretically and experi- 
mentally but little endangered, due to the wing warping. 
Also the location of the rudders at the wing tips fully 
insures directional stability, even in the stalled condi- 
tion. 

The experimental airplanes of Dr. A. Kupper must be 



*By lattice profiles is here meant, in general, thin pro- 
files ("plate profiles") provided with transverse slots. 
They- are aerodynamically advantageous , due to the fa.ct 
that the normal forces increase almost linearly up to an- 
gles of attack of 90°, so that, according to W. Schmidt, 
they should have an l/D , ratio of only 8 (?). 
**Cf .• footnote on page ,2.: " A sea . bird - always f lies ■ f rors " ' 
the trough to the crest and must therefore have direction- 
al stability. This he obtains by giving his wings a neg- 
ative dihedral. By continually varying his co\irso he re- 
acts on the gusts, which he converts into lifting power. 
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regarcLed. as limiting cases of inherently stable wings with 
minimum sweepback, in' which the' requisite aerodynamic sta- 
bilizing moments are kept smoll by the use of profiles* 
with fixed CoP» and pronounced variation of the lift mo- 
ment • according to the angle of attack (i.e., dca,/da larg^e) , 
so that. ;smal 11 ever arms, that is, a slight sweepback with 
a corresponding lift reduction at the wing tips, will* suf- 
fice, Though the vertical control surfaces are not at- all 
necessary according to the experiments, nevertheless, if 
they are used, they should take the form of end plates 
wi.th .^ttexhed wing-tip rudders, which would imp.rove the 
maneuverability.* 

* Since 1929 Rudolf Schul has been investigating models 
with new inherently stable wings characterized by the fact 
that each outer portion of the wing forms a hollow half- 
cone with its open side down and its vertex coinciding 
with the end point of the leading edge of the central 
portion of the wing. The Gbttingen and Munk profiles are 
used, including the N.A.C.A, profile M 12. According to 
the model tests, good lift-drag ratios are obtainable, 
even with a smaller, aspect ratio, which, according to Schul, 
is attributable to the favorable effect of the wing tips • 
on the raarginal vorticeSo Schul ^ s models exhibited re- 
markable stability in straightening out from any attitude 
of flight, . 

The wing of Abrial's glider,. at the Rhon in 1931, was 
similar to the "Flying Triangle*" This cantilever low- 
wing monoplane has a thick tapered wing of lo5 to 2 m 
(4.92 to 6.56 ft.) span. The Lachmann" slots are used by 
both Abrialand Lippisch. 

At the Rhon in 1931, a member of the Hessian Academ- 
ic Aero Club exhibited a. remarkable tailless all-wing mod- 
el of about 1 m (3.28 ft.) span with a very thick iprofile, 
small aspect ratio, large wing loading and consequent high 
speed* In shape it resembled the "Parabola," but its 



^According to the investigations of !Ia*gfv*l, the end plates 
diminish the induced drag in correspondence with the ratio 
of the height to the span, which is equivalent to increas- 
ing the span. According to the Russia.n works of Kras- 
silschtikof (Z.A.H.I., Moscow), '\7ing--tip plates have less 
.isf.fect and produce considerable additional drag when 
.wrongly used, as by Soldenhoff, Punay and others. 
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trailing edge had an elliptical cutaway to which a circu- 
lar elevator was fitted. 

Aerodynamically the all-wing type enables a consid- 
erable shortening of the span, amounting to 30 or 40 per 
cent as compared with the " convent i onal types, as well as 
a pronounced reduction in the wing loadings The inherent- 
ly stable wing has many possible applications, due to its 
many advantages and great diversity of shape So The in- 
herently stable^ tailless, all-wing airplane, with great 
static longitu-dinal stability, spinproof shape, decentral- 
ized power di stribtition and correct weight distribution 
throughout the span, a high fineness ratio and ma^cimum 
commercial efficiency, is the necr; ssary and satisfacto- 
ry airplane for long flights^ When such a wing is de- 
signed for a low rate of vertical descent, a new and prom- 
ising type of glider is obtained. In a wing having min-? 
imum static longitudinal stability (neutral) and support- 
ing wing tips witaoixt wing-tip rudders (King type), with 
the introduction of bow elevators, a promising form of 
combat plane is obtained, on which the absence of the cus- 
tomary tail surfaces leaves a free field of fire toward 
the rear . 



Translation by Dwight M, Miner, 
National Advi rsory Committee 
for Aerons-utics . 
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TABLE I 



The Principal Constructors Tao Participated in 
the Development of Tailless Gliders and Airplanes 





TO lyuu 




i y X X — i y <iu 


lysi-lyol 


Germany 


Eriedrich 
Anl Dorn 


Berner 


Erich Offer- 
man* 


Haydn, Mhm, Hutt- 
mann, Winter, Wenk, 
Kirchncr, ICing, 
Lippisch, Lang- 
gut, Schul, Sup- 
per, Kphl 


England 




Jose' Weiss 

vrith A, 

Eeith, 

J, W, Dunne 


Jose Weiss 
with A, Keith, 
J« W« Dunne 


Lathimer-lTeedham, 
G, T. R. Hill, 
E. R« and J, Gran- 
ger 


France 






Robert Mallet, 
G, Eiffel, 
Ren^ Arnoux, 
Moreaux* * 


George Atrial , 
Rene Arnoux 


Swi tzer- 
X ana 






Alexander 
oo i aennoi i 




Soldenhoff with 
jjanggUA/ 


Unitsd 
St at e 3 




Twining*** 


Twining 


Curtiss 


Austria 


Igo 
Etrich 


Igo Etrich 




Igo Etrich'^*** 


Hussia 






Boris Adaridi 
with AlGX. 
Boris Scher- 
schewski and 
W, Wischnef 


B. I, Tschera- 
nowski 



♦Previous to 1914, Offermann was occupied chiefly with 
"Enten," which had inherr)ntly stable main wings. 

**Moreaux built a tailless high-wing monoplane with pusher 
propeller. The wing was designed after Mallet and Eiffel. 

♦**The Curtiss Airplane and Motor Co • built in 1930 e, tailless 
biplane of the Dunne type, 

****In 1905-12 Professor Twining investigated inherently stable 
tailless airplanes, which had a very similar appeara.nce to the 
sub sequent "Alula" type • 



13 



,N,A,G.A. Technical Memorandum NOo 666 



Table II, 



JO 



8261 
uj p m>« a fy} -^iQUi IID-] 



^ 0€6\„8Il 



9^-5^6! ..VI 



9261 ,.1104401 



2261.. I »440| 



6Z6I 



2261 



1261 



/261 



92-5261 



6^61 9UD|^ 



6261 4n^^uD-| 



0C61 



\£'0£6\ .MOa 
-lajQ'lj i{39iddi'-| 

9261 



S26I V9.^uauj 



22^1261 



c 
o 

o 
c 

■ ^ 
c 



SdOt/08 



skoot 



<N O 

CO i-To 



s 



cfw crT 



000 



O O W I - 
C- 00 10 o 



!< 



o o) 



I 



o 10 . O j 
ot^ o I ' 
o coo iS ^ 



o 
o 
■ o 




IS .0 

CO O O fi 
^ OJ CO 



CO lO 
C4 000 00 



s s 



000 o 

I CvToO 0*0 CD I 



JO O CO CO O 
CO T-t 53 O ' 

iH ca 



ar'<ir-^**'*jH 00 I 

CO w or- ' 



O o 



00 Oi 
0<N lO , , 

cpi-T i>* I I 



0000 

»0 00 O ^ O . rK 



..qiuaqQ'- 



000 
^1 CO o 



000' 

CO icTo* 
OJ 10 



o 

CD 
• 001 



(M 

of 



0000 
O 00 O iC 

2 of 00 10* 



I I 



o ■^^•^ 
of CO oooooT 
ca CO 10 cq ^ 



o 

W CM 00 I 

oq a ' 



0_ <X) 

orTco CD I 



00 

000 I 



t-- 04 "r-l »0 CO 



CO(>> 



of 



„qaiaqo«j § 



Sd 5^:/85 



o 
o 

^ CO 



-C: 



o CO 
»o 00 1-« 

00 th'iH 00 



2 I 



CO o 
h-^O 

Ol 00 



o 00 
cTootT I 
00 ' 



® o _ 

O O CO -o 

® 00 «5*eo 



o o 00* oT 

00 X ^ ^ 



00 0 
^ CO 0000 I 



•oq^co^ 
0000 cTerT 

CD CO Cd 04 Cvl 
^ ^ CO 10 



10^ 00^ 

O O CO t-"^ 
I- 10 (M 



0) 
Q. 

1^1 



Q) 

c 
c 



Q) Q) a 



T3 

.■50. 

5! = 'o 



0 U 



a»t- 0) J o;^ 
coo o 

SOO<(/)QQ. 



E £ £ 



o 



c o 

I. 0-0 
«» >-o 

3 

<UjOC 



JC X X ^ 

o 



o 



o o 0 



$ 0. 



a 



X 

Q. 
X 



KP 



cr 

0) 



li 

00 
CD 
o 



o 

OJ 



to 

CO 



CO 

<n 
o 

QO 
<M 

CO 

X 

£ 



F.A«C.A. Technical Maaorondw No. 666 



Table II (cont.) 



T3 
3 

c 

0 

o 

w 
V 



926\ 




f CO • _ CD 

o o" cd'o'o <m 00 i-T 

§ ^ ' 


C O Cdl^ fill 1 M w f O^OJ 

IfMoq in (••<fM (OJ4Uo3<wi«penLf 






1. 




jdfiacf o^d 






fop- 1 ' o 
iO o 
o »o ^ 

r 1 


-oJd i j»[jadojd jo^toj^ q^iM 




o 


«> . ' -00 
CD , t> 

i " , . 


'uids 'Bo| ?d|!40Jd 
• ^d)|8dojd Jd^^ndqp^ 




o 


00 
CO »o 

1 1 go-.r 1 


o 

CD^ c*i 
^ o 


QO-bDUD OOC 


Tf 91101 




1 t*. CD 1 '03 
1 1 1 lOO" 1 1 , oo" 

• ■ <x> 




tfCf U 111 J- TT 1 


"« 


Oi ■ ' iO 
' U5 CO C- 




0C6I 
g J94sn^ jdddnu 

I* *» 


o 


1 . 1 o ? 
1 1 go t 1 1 00|0 




nun -'3<'5ny 


S 
o 


! ID ' CD 
00 lO . O CD 

i 1 go 1 1 . ^^o 


9UP|dJto 
pSJSMOd J9 SD A{|nj. 


-uapog v|u9/\A 


X 


O • iH 
"^CO O 00 

1 1 1 1 • §§«=>■ 

oo 




ejaqp|9j^>fU9M 


1 


1 1 s =>- 1 1 


.5 

. 


^ J 


-apbDwipD45^. 


-c 
in 


o 

I 1 !go 1 1 


CO 

O 

o o ^ 

CO >r> 

CO 


bUlM J.O 

uo||jod j8|Udd u) 


t% ' \\ ' 


2: 


1 1 Igol 1 


o 

00 ^ 


|iD4 L|9eiddj^ ^0 9 
jopoui uiojj. pdidoQ 


upyTo^ upAD^ 


-c 
o 


o 

CD lO 

1 1. S-i 1 


05 
CO 00 
(N Co" 
CD 






o 


o o crT i-To (N* 

CD GO 00 O 
(N CD 


(M 

O t> 
CD 00 CD 
(M CO 


^0400-14 Jinp 

pOUUDO 40U UOISSQ 




"i 


176 

40,0 

85,0 
1,67 
1300 
10 


O 
00^ 

CD 


9 poo| 
U9|)9dojd uaq9nd q^iyy^ 




to 


1 ! S-ll 1 


00 

O '"l^ 
■•-1 r- 




l€'0£6\ «>P? 


E 


180 

60,0 

66,0 
1,87 

22,0 
177 

i 3,07 


-idMSnd 


(^aj049 ^ t^osiddi-] 


(0 


00 

O o oa o 

0 lo" coo oo'R. 

01 ^ iO OI 00 -fH 


Jdliadojd 
J9qsnd mi/w 


uadyg j^DSiddn 


y 


o ool auipus MXa 
1 1 'S'S'l 1 J3||9dojd ja^snd 

S SI s6uiM auunQ 






1 1 |o-| 1 


00 o" 
ca. 


SOUIAA 9uun^ 

qnD|uad^ ^0 
uot^ojadooo 


c 
o 

:p 
o 
c 
o\ 

8 


Q 


-r :C 

c 
%> 
u 

« 

; 4) •) S 03 

K C « S 11 

c o a a.-^^ 


^ o ^ 

0 0 0 


R e nr> a r k 5 



in _ z? 



r 



o 



E 

E 

to 

o 

L 

j5 
*o 
o 



> — 

15 ^ 



> 
O 



o 



— V 



o 

0) 

^ 1 



E 

CO c 

• .2 



c. in 

i S 
i 

o c 

— • o 

n ^ 
— DC 

To 

K 4- 



E Z 

ft) "O 

1 .2 



w 

c c 
o 

— ^ 
o 5 



o o 

^ o 

W X 

C o 
c 

— o 



I.- 

9i V) 
E 5 
» o 

£ t 

^ H 

fg 
X cr> 

fl .£ 
X lr 

a: O 

C tt 

- ^ o 
a. JT 

° 1 

O 3 

-E 2 



el 

•5 " 



4- 

Ql O 

S « 



4- tf) 

■i ! 

- i 

o o 

0) ^ 

■+- 



X 



5 ^ 

to 0) 

^ m 



C 

U 
» 



CO 
00 

o 

00 
CM 

X 
JO 

E 



ON 

c . 



> 



c o 

W C o (VJ 

a 0) ^ X 

^ X 
^ flj o " 

4- ^ 

- I- to 
10 



N.A.C.A. Technical Memorandum No. 665 



15- 

Figs. 1.:? 




ui'ig. 1 Mallet "Assgcier" glider with 
divided v/ing tips. 




Fig. 3 King»s tailless airplane (1923) with 
negative sv/eepback and dihedral. 



